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Summary

The Advanced Nuclear Technology Group of the
Los Alames National Laboratory is now using intelli-
gent data-acquisition and analysis instrumentation for
determining the multiplication of nuclear material.
Barlier instrumentation, such as the large NIM-crate
systems, depended on house powei and required addi-
tional computation to determine multiplication or to
egtimate error. The portable, battery-powered multi-
pllcation measurement unit, with advanced computa-
tional power, aoquires data, caloulates multiplication, 1
and completes error analysis automatically. Thus, the
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multiplication is determined easlly and an avallable
error estimate enables the user to judge the signifi-
cance of results,

Introduction

The technique used, to -measure muitiplication,
analyzes the time correlation of neutrons emitted by
the fission process. If neutron detection events are
uncorrelated (that is, random in time), the distribution
of counts during an Interval of fixed size is a Poisson
disteibution, However, because neutrons dJetected
from u fissloning systam exhibit time qorrelation
stemming from the nature of the fisslon process, we
expect a broader distrlbution than ihat of Polsson,
We measure trhls deviation from a Polsson distribution
usinc the first two mmoments of the distribution and
relu.e this deviation to the neutron multiplicution of
the [(issloning system. This theory Is discussed In
another paper.'

Operation

The instrument {s controlled by switshes and purh-
buttons on the front panel. START, STOP, and RESET
pushbuttons control the acquisition of data (Flg. 1).
Analvais Is automatic when acquisition is complete,
and results are stored in the extsrnal memory. A
18-position thumbwheel switch selects which value
will be displayed on the l68-character liyuid erystal
display (LCD). In conjunotion with the ENTKR push-
_button, another thumbwheel switeh provides manuul
antry of constants such as deadtime or livetime. If the
appropriate values are not entered manually, the miaero-
processor assigns default values for the constants.

The operator begins a typical measurement sequenca by
connecting the instrument to a nout\‘on datector pod with a
randoin neutron source, such as 24lAmB, placed near the
pod. lio places the function awitch at 0, tau, and pushes the
START button. This measurement determines the value of
tau, deadtime. After 10* intervals are counted, tau Is
calculated and stored In the external memory. The neutron
source is replaced with a spontaneous fisslon source, 2h2ct,
and the operator begins the acquisition with the function
-switeh elther In position 1 or 2. At the completion of 10°
Intervals, Y, s caloulated and stored in the external
memory. If these values are known from earlier measure-
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Fig. 1. Multiplication measurement Inatrument in operatlon.

ment, the user can omlt this sequence and manually enter
tau and Y, from the front panel. The operator turns on thu
S'I‘ANDB# switeh to maintaln the values of tau and Yy and
turns of [ the instrument.

After the du.ector pod and Instrument are taken to the
measurome.t location, the user positions the detector next
to the nuclear materinl. The operator turns on the power
and 'wishes the START button with the funetion swlteh in
position 4, After 10°* Intervals are acquired, the value of
the nultiplication and the associated error estimates aro
caleulated and stored in the memory. If the printer is
oonnected, the microcomputer prints the original data and
the aslou'a ed resulte at the end of each meoasurement, If
only LCD display ls praferred, tha user inoves the funation
switoh to position 3.



Hardware

Figure 2 shows the functional blook diagram of the multi-
plicatiorn measurement instrument. The NS80P50, a member
of the 8048 family of single-component mlorocomputers, is
a centra’ prouessor that controls the operation of the entire
Iinstrument, This microcomputer allows the program memory
in the form of a 2732 erasable, programmable, read-only
wamory (EPROM) to be attached piggyback style. Thus, 4006
bytes of program memory are provided in the small and
convenient package.

The microcomputer provides for 258 bytes of internal
random acceas memory indirectly addressable as working
rugisters. Two 6514 microcomguters provide an external
1024-by-3-bit random access memory and supply the needed
storage of the large hisiogram (258 channels by 24 bits). The
first threo stored pages oconstitute the histogram memory; the
last page, calculats\! values, such as tau, inultiplication, and
mean. This inemory has a 3.6-V back-up voltage when the
stand-by switoh is on and the powar switoli s off, The
back-up system enables retention of the ecaloulated values
while draining a maximum of 2 mA from the battery. Thus,
the measured vaives of tau and Y, can be stored whenever

the Instrument is turned off and relocated at a target objeat.

Interfaced with the central! processor by low-pswer,
small-scale, integrated cilrcuits, a number-orlented micro-
processor, MM37108, provides calculational power.'
Cominands from the central prooessor a~e latched for
-ontinuous input Into the number-oriented microprocessor.
The caloulator output Is multiplexed onto the data bus, and
ciroultry provides a handshake style of data exchange.

Input from the START, STOP, RESET, and ENTER DATA
cgontrol buttons causes an interrupt to the central processor
and sets an assoclated bit in a lateh, The miaerocomputar
polls the latch to determine the appropriate zubroutine.
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These interrupts and all othar switch signals from the front
panel are Input to the microcomputer through Intel 8243
input/output expanders. These devices provide the I/O
expanslon that consists of four 4-bit bidlrectlonal statie 1/0
ports., Thus, a single 4-blt master control port provides the
many 1/0 oontrol lines for the mierocomputer.

The 5~ by 7-in. dot-matrlx LCD, EPSON MA-B93S8,
comes with the low-power cirouitry needed to furnish the
drivers and multiplexers for the dot matrix. The oharaoter
generator, two 6634 CMOS EPROMs, furnishes a custom set
of characters that includes the standard ASCII upper- and
lower-case alphabet, some of the Qreek alphab.t, exponen-
tials, and other characters used to display scientific dcta.

The serial port provides the data to be produced on the
printer or transmitted over the RS237 link fo remote
locations, The serial port oconsists of a 0402 universal
asynchronous recelver/transmitter and some discrete
components to shift the logic levels to those compatible with
RS232. The 0402 {a now an industry standard and interfaces
direotly with the single=chip miorocomputer.

The input signal from the neutron pod Is pruvided at the
front panel through a standard higirvoltage (SHV) conneator.
A single printed clroult card furnishes the preamplification,
arnplitication, and diserimination. This unit also sums the
high-voltage output with the signal Input, allowing a single
oable to the detector pod. This arrangemaent eliminates tha
need for external preamplifiers and multiple cables that are
diffloult to deploy for fleld measurement. The diseriminator
output is a standard digital logic signal conneated to an INTEL
8253 counter/timer. This Integrated eirouit furnishes three
18-blt timer/counter registers that are used for the data
scaler and the Interval timer. The 825C Interfaces directly
with the central processor through the inultiplexed data Lus
and allowe efficlent and convenient program control.
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Software

The program was written with ASM-48 assembly
lenguage, the only language available with the 8048 family
mierocomputers. A 4096-byte program memory was designed
to accommodate extensive aralysis. Over three-fourths of
the program memory is used, which allows some expansion
and indicates the size of the programming effort. The
modular software is efficient for development and testing
and enables the transfer of useful subroutines to other
instruments under development.®

The {low charts (Figs. 3-5) show the program structure.
Aflter the POWER ON RESET is complete, the micro-
computer control lines are initinlized and RTADY is printed
on the display (Fig. 3). The program waits for an interrupy;
whzn interrupt recognition occurs, the program identifles
whieh of the four possible subroutines to service. If the
DATA ENTER button is pushed, the control computer reads
the manual data thumbwheel switches. If the FUNCTION
switeh Is at 0, the value of the data switches Is read as 0 to
9.99 us and is stored in the tau location in the memory. If
the FUNCTION switeh is at 1, the data switches are read as
X.XX for the mantissa of Yq and stored in that location. The
exponential of Yy is entered when the FUNCTION switch is
at 2. The lifetlme (L) of the pod is manually entered as
XXX us when the FUNCTION sawitch is at 4. When the
MANUAL DATA button is pushed, all other values for the
FUNCTION switeh trigger the LD signal FC SWITCH
WHRONTG,

A RESLET interrupt clears the interval counter and the
histogram In the same manner as does n POWER ON
RLESET. The START interrupt clears the histogram and
bcglns the data acquisition. Acquiring data continues until
10" intorvals are counted and stored or until the STOP
interrupt is actlivated (Fig. 4). These actions cause the
program to transfer to the COUNT END subroutine, which
calculates tau, Yy, or multiplication (Fig. 5). The calculated
values arc,stored in the memoly fcr LCD retrieval or serial
port printout.

The CALCULATE subroutine requires only that the
progrummer point to a Jommand table, a list of calculator
kaystroke ontries nececssary for solving the desired equation,
bolore calling the caloulator subroutine. The microprocessor
operatlion is gimllar to that of hand-heid calculators, such as
tho llewlectt-Packard HP-21 or the National Semiconductor
Novus 4320, the Soientist. The user develops calculation
soquencas w/thout detailed knowledge of the design or of
mlaerocomputers, Once a table of keystrokes to solve the
aquation has besn developed and tested on the caleulator, It
can be entered direotly into the program memory, Plgure §
shows the structure of the CALCULATE subroutine. Notice
that besides the 64 calculator cominands, memory-to-
culculater inputs or calculator-to-memory outputs are
possible. The hexidecimal byte FF indicates the end of the
table and signifies that control will be passed back to the
calling routine.

The multiplication unit, tested and proven to be a
versatile and easily used instrun.unt that saves the operator
analysia time, contrasts sharply with earlier systems.
Furthermora, bacause error anulys's is available at the scene,
the user ean quickly judge Lhe accuracy of the answers.
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